The microbial quality (total and faecal coliform counts) and some physico-chemical parameters of the Mhlathuze River water source were monitored during March 2001 to November 2002 and compared to the previous study conducted during [1998][1999]. The results showed that most of the physical and chemical values obtained were within the recommended limits specified in the South African Water Quality Guidelines. High concentrations of metal were detected in water samples from Felixton and the Richards Bay estuary. Water samples from the Mhlathuze Pumping Station and Felixton, which contained higher concentrations of total nitrogen and phosphate, possessed higher faecal coliform contamination than other sites. The total coliform counts of the Mhlathuze River in this study period were noted to be significantly higher than those in the 1998 to 1999 period. As observed in the previous study, Felixton continues to be the site with major faecal contamination. The resuscitation results indicated that the level of faecal contamination in the Mhlathuze catchment was higher than that measured using conventional methods. Therefore the real impact of this "viable but non-culturable" state of micro-organisms in this water system requires urgent attention. Larger fluctuations in the trend of total and faecal coliform counts were observed in 2001. This phenomenon coincided with the major construction of the Mhlathuze pumping station. High water surface temperatures and rainfall figures might have also contributed to this observation. Evidence from our results strongly suggests that the use of faecal coliform bacteria as indicators should be expanded and more research is indicated to identify the impact of the "viable but non-culturable" (VBNC) state of pathogens in this environment.
Introduction
The Mhlathuze catchment supports a rapidly growing agricultural and industrial community in northern KwaZulu-Natal, South Africa (Steyl et al., 2000) . 78.5% of the population dwelling in the catchment area are classified as rural. 63% of these people use dams, rivers and streams as their primary water sources. Sanitation services are unavailable for 34.8% of the population (Census, 1996) .
With increasing demands on water resources and contamination from industrial waste and human activities, the potential outbreaks of water-borne diseases in this area continue to grow. In 1996, it was found that the bacteriological quality of the Mhlathuze River posed an increased risk of infectious disease transmission to the communities that were dependent on the river for household, recreation and other purposes (Department Of Water Affairs And Forestry (DWAF), 1996) . According to the Institute of Water Quality Studies of DWAF (IWQS Report, 2000) this catchment area (W12 C-J) is high on the National Microbial Water Quality Monitoring Programme's priority list (14 th in a total of 120). DWAF has adopted Strategic Environmental Assessment (SEA) as a tool in managing and planning the Mhlathuze catchment area by considering all aspects of the social, economic and biophysical aspects of the environment (Steyl et al., 2000) . The quality of water is typically determined by monitoring microbial presence, especially faecal coliform bacteria, and physico-chemical properties (Gray, 1994; DWAF, 1996; USA-EPA, 1999) . However, the microbiological aspects of the water quality, namely the prevalence of human pathogens and indicator micro-organisms in the Mhlathuze catchment and surroundings have not been adequately addressed.
A previous study (1998 to 1999) showed high levels of faecal contamination in this area (Bezuidenhout et al., 2002) . This problem is further compounded by the possible survival strategies of the viable but non-culturable state of bacterial flora in water systems (Colwell et al., 1985 , Singh et al., 1986 , Garcia-Lara et al., 1991 . It is therefore imperative that microbial and physico-chemical data of the river are documented to provide comprehensive baseline information for future microbial monitoring purposes.
The primary aim of the study was to determine the microbial quality (total and faecal coliform counts) and some physicochemical parameters of the Mhlathuze River water source. Secondly the impact of environmental factors was compared with the previous results in the same area.
Materials and methods

Sampling
Five sites along the Mhlathuze River were selected for this study (Fig. 1) . Site 1 (KwaDlangezwa) is situated near a sewage treatment plant at the University of Zululand. The area surrounding Site 2 ) in water were measured using an atomic absorbance spectro- 
Microbiological analysis
A series of ten-fold dilutions of the water samples were used for the enumeration of bacterial counts using plate count and membrane filtration (Millipore, HANG 47 mm) methods. mEndo Les, mFc and S-S agars (Merck) were used to determine heterotrophic bacterial, total coliform, faecal coliform and Salmonella and Shigella spp. respectively. Plates were incubated at 35°C for 24 h with the exception of the mFc plates which were incubated at 44.5°C for 24 h. Experiments were performed in duplicate.
Resuscitation of VBNC bacteria
Resuscitation was carried out using the DVC method of Kogure (1979) . Nine thousand seven hundred and thirty µl of sample was resuscitated using 20 µl (0.002%) nalidixic acid and 250 µl (0.025%) yeast extract. The sample was then incubated in the dark on a shaker (160 r·min -1 ) at room temperature for 6 h. Bacterial enumeration after resuscitation was obtained using the membrane filtration method as described above and compared with the one without resuscitation.
Statistical analysis
Geometric means of microbiological and of physical and chemical analysis data were used to present monthly values. Pearson's product moment correlations were used to correlate faecal coliform counts to the water temperature and the rainfall figures. Table 1 shows the physico-chemical parameters and faecal coliform counts of the water samples collected from 5 different sites along the Mhlathuze River during the study period. Most of the physical and chemical values obtained were within South African guidelines (DWAF, DOH and WRC 1998;  Table 1 ). During the rainy period, the turbidity of the Mhlathuze River beyond Felixton increased above the drinking water safety guideline which is less than 0.1 NTU. Water samples from Sites 4 and 5, which contained higher concentrations of total nitrogen and phosphate, possessed higher faecal coliform contamination. Resuscitation of water samples increased total and faecal coliforms up to 65 and 23 folds respectively. Due to the high salt concentration at the Richards Bay Estuary, the bacterial counts were much lower than those at other sites. High concentrations of metals (Table 1) were detected in the water samples from Felixton and estuary. Figure 2 shows the geometric values of the total coliform counts from all five sites during this study period as well as the data from our pervious study (Bezuidenhout et al., 2002) . The results showed that the total coliform counts of the Mhlathuze River in this study period were significantly higher than those reported by Bezuidenhout et al. (2002) . During 2001 the total coliform population in the Mhlathuze River showed larger fluctuations than in other years. These fluctuations were not observed in 2002. The water temperature followed a typical summer and winter trend. However, the average water temperatures during the summer period were higher than those during 1998 to 1999 with the exception of the temperatures recorded during January 2002 which was averaged at 34°C (Fig. 2) . The rainfall figures were also higher in the same period than those in the previous study with the exception of that during February 2002. Pearson's correlation coefficient (r) analysis showed weaker correlations between the faecal coliform counts to the water temperature (r=0.48) and to the rainfall figures (r=0.31), compared to the previous study.
Results
The trends in the total and the faecal coliform counts for the same period were similar. Despite the increases in total coliform counts of the water system, the level of faecal coliform counts did not change compared to those observed in the previous study (Fig. 3) with the exception of a wider fluctuation during 2001. Felixton (Site 5) continued to be the main site of faecal contamination as observed during the 1998 and 1999 period. There was a sudden peak of faecal coliform counts during November and December of 2001. This sudden increase in faecal coliform count was mainly due to the faecal contamination at the Mhlathuze pumping station (Fig. 4) . Although the Mhlathuze pumping station also proved to be the main site of faecal contamination during 2001, the situation improved during 2002.
A comparison of the trends in the faecal coliform counts at each site along the Mhlathuze River during this study period showed no obvious seasonal changes as suggested in the previous study (Fig. 5) . The present findings may be due to the pattern of 
Discussion
The Mhlathuze catchment supports a rapidly growing agricultural and industrial community. It also serves most of the domestic needs of the large rural population which resides in this region (Steyl et al., 2000) . This coastal area has significant economic potential and provides employment opportunities for people from the area, as well as individuals from more remote areas. With increasing demands on water resources and contamination from industrial waste and human activities, the potential outbreaks of water-borne diseases continue to grow (DWAF, 1996) . The results of our previous study of the Mhlathuze River (Bezuidenhout et al., 2002) demonstrated seasonal patterns for the bacteriological counts for the period March 1998 to November 1999. Strong correlation was demonstrated between bacterial counts and rainfall figures as well as water surface temperatures. The seasonal patterns of microbial growth prevailed during the current study (Figs. 2 to 5 ) and are strongly supported by other studies (Byamukama et al., 2000; Lobitz et al., 2000; Nishiguchi, 2000; Solo-Gabrielle, 2000; Nübel et al., 1999) . The mean surface water temperature (constantly between 20-34°C) of the Mhlathuze River during the summer period is ideal for the prolonged survival of coliform bacteria. Pearson's correlation coefficient ratios between the temperature and rainfall figures to the bacterial counts were not significant during 2001 to 2002 as were the values for 1998 to 1999. However, the fluctuation patterns of total and faecal coliform counts may have affected the reliability of the analysis.
There were significant increases in total coliform counts in the present study compared to those observed in the previous study (Fig. 2) . The fluctuation patterns for the total coliform and faecal coliform counts were also observed during 2001 (Figs. 2 and 3) . Despite the substantial increase in the total coliform counts, the degree of faecal contamination during the same period remained similar to that in 1998.
The Mhlathuze pumping station (Site 4) and Felixton (Site 5) were the main contributors to the sudden increases of total coliform counts and the observed fluctuation pattern (Figs. 4 and 5) . This phenomenon coincided with the construction of the Mhlathuze pumping station. The normalisation of the levels of contamination coincided with the completion of the construction of the pumping station at the end of 2002.
Felixton continues to be the main site of faecal contamination as observed in the previous study (Fig. 4) . Lower faecal coliform counts were in fact observed at Sites 1 and 3 during this study period (Fig. 5) . All environmental factors as reported in the previous study (Bezuidenhout et al., 2002) especially human activities, affecting the microbial quality of the water system prevailed since 1998.
Most of the physico-chemical parameters detected in this study (Table 1) were within the acceptable ranges of water quality for the domestic supply (DWAF, DOH and WRC, 1998) . The turbidity of the Mhlathuze River was generally higher during the summer period and increased up to 33.0 NTU which may have serious consequences if consumed (DWAF, DOH and WRC, 1998) . Generally, higher geometric means of the chemical values at the Mhlathuze pumping station (Site 4) coincided with the higher total coliform counts at the same site during the study period. High concentrations of cadmium (0.011 mg·l -1 ) and lead (0.056 mg·l -1 ) were detected at Felixton and Richards Bay Estuary. DWAF, DOH and WRC (1998) reported that the concentration of cadmium in the range of 0.005 to 0.02 mg·l -1 might have health implications in sensitive groups. The higher aluminum concentrations at the Richards Bay estuary and Felixton were most probably due to the nearby aluminum smelters. It would be interesting to investigate the prevalence of clinical cases linked to the presence of the heavy metal in this area.
The "viable but non-culturable" (VBNC) state, an important survival strategy of several pathogenic micro-organisms such as Salmonella, Shigella and Vibrio spp. has caused increasing public health concerns. After resuscitation, the faecal coliform counts of the water samples increased up to 23 times in this study (Table 1) . The results suggest that the level of faecal contamination in the Mhlathuze catchment should be of concern. Therefore the real impact of this VBNC state in this water system should be investigated. Available on website http://www.wrc.org.za during the 2001 period caused severe fluctuations in bacterial growth.
• The catchment is situated in a summer rainfall area and increased runoff is thus expected in the summer period annually.
• Surface water temperatures of between 20°C and 31°C were regularly detected during the summer period.
Evidence from our results suggests that more attention should be given to the impact of VBNC state of pathogens in the environment.
